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Lighting Systems: 
Analysis, Performance, and ECOs 



LIGHTING SYSTEMS ANALYSIS, 
CONSERVATION, AND ECOS 

 A four act play 
 22 May, 2014 
Dan Ciolkosz, Penn State Extension, 
Department of Agricultural and Biological 
Engineering 
Kip Pheil, USDA NRCS National Energy 
Team 



Who are you listening to? 
• Research Associate for 

Penn State Extension 
– Bioenergy 
– Energy Efficiency 

• Ph.D. Agricultural and 
Biological Engineering 

• Professional Engineer  



4 “Acts”: 
• Lighting Systems and their Design 
• Lighting Impacts on Plants and Animals 
• Dealing With Existing Facilities 
• The Joy of Standards 

But first, a commercial or two… 



www.energy.extension.psu.edu 





Act 1: Lighting Systems and Their 
Design 

But, soft! what light through yonder window breaks? It is the 
east, and Juliet is the sun 
 - William Shakespeare 



Lighting terminology 
• Lumen = the rate of light emitted by one candle that 

falls on one square meter (foot) of surface located one 
meter (foot) from the candle. 

• Illuminance – light level reaching a surface 
– FC = foot candle = lumen per square foot 
– Lux = lumen per square meter 

• Coefficient of utilization = percent of lumen output 
that reaches the work plane 

• Work plane = location where “visual work” is done 
and illuminance level measured 

• Color rendering index (CRI) = the ability of the light to 
show colort with incandescent being 100.  Lower 
values indicate poorer color rendering 
 



Light Sources (“Lamps”) 

 

Lamp Type Efficicacy 
(Lm/Watt) 

Color Rendering 
Index 

Rated Life (hours) 

Incandescent 12-20 100 750-2000 

Halogen 18-25 100 2000-3000 

Fluorescent, T12 60-71 60-80 12,000-20,000 

Fluorescent, T8 84-94 78-86 15,000-20,000 

Fluorescent, 
compact 50-79 82 10,000-20,000 

White LED 50-100 65-85 25,000-75,000 

Metal Halide, 
standard 82-90 65-75 12,000-20,000 

Metal Halide, pulse 
start 92-106 65-70 15,000-30,000 

High Pressure 
Sodium 95-125 20 24,000 



Fixtures (“Luminaires”) 





High Efficiency Lighting Systems? 

•Lamp Efficacy 
(lm/w) 
•Luminaire 
Optical   
Efficiency 
•Optical 
Distribution of 
light 
•Reflected 
component 
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The Design Process 
1. Establish target performance 

– Average illuminance 
– Allowable uniformity 
– Color rendering 
– Glare 
– Operating conditions 
– Switching/control requirements 



The Design Process 
2. Select Lamps and Luminaires 
3. Calculate number and layout 

– Zonal Cavity method 
– Point Calculations 
– Computer Simulation – flux transfer and ray 

tracing 

4. Lay out electrical distribution and controls 









Intensive lighting areas  
• Milking parlor, Equipment washing area, 

Equipment maintenance, Maternity and 
veterinary care areas 

• Seeding and Transplanting, Growth Rooms, 
Lighting for Photosynthesis 



 



Lighting levels for various areas 

• Check ASABE EP344.4 – Lighting Systems for 
Agricultural Facilities for specific 
recommended illuminance levels for  
– Dairy Production 
– Feed Yards 
– Swine Production 
– Poultry 
– Equine 
– Greenhouse 



Design Light Level = Initial Light 
Level * Light Loss Factor 

LLF= BF * LLD * LDD * RSDD 
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Luminaire 
Environment 

• “Dry” 
• “Damp” 
• “Wet” 
• Also dust, corrosive 

vapors 
 

• “IP” (ingress protection) 
ratings internationally 



Wiring for Agricultural Lighting 
• “All work areas should be equipped with light 

switches at each principle entrance.” 
• Install switches on the latch side of the 

entrance, or the right side when entering (if 
no door).   

• Mount switches 1.2m (48”) above the floor, 
or up to 1.8m (72”) in buildings housing 
livestock 

Agricultural Wiring Handbook, 15th ed. 



Wiring for Agricultural Lighting 
• “Luminaires shall be designed to minimize the 

entrance of dust, moisture, and corrosive 
material.” 

• “Luminaires exposed to physical damage shall 
be protected by a suitable guard.” 

• “Luminaires exposed to water from 
condensation, building cleansing water, or 
solution shall be watertight.”   

NEC Article 547 – Agricultural Buildings 



Act 2: Animal and Plant Responses 
to Lighting 

Truly the light is sweet, and  
a pleasant thing it is for the  
eyes to behold the sun 
 - Ecclesiastes 11:7 



Human Responses - Visibility 
• Illuminance 
• Contrast 
• Glare 
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Other Human Responses 
• Physiological responses 

– Seasonal Affective Disorder (SAD) 

• Psychological responses 
– Can convey impressions of spaciousness, 

relaxation, attention, privacy, etc.   



Animal Responses - Visibility 
• Similar wavelength-specific sensitivity 
• Acuity (sharpness of vision) can vary widely 



Animal Responses - Behavior 
• High illuminance – increased feed rates 
• Low illuminance – reduced aggressive 

behavior 



Animal Responses - Reproductive 
• “Long day lighting” during winter can 

enhance milk production in dairy cows (150 
lux, 16-18 hrs d-1) 

• Similar impacts with swine, horses, etc.   



Plant responses - Photosynthesis 
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Lux = lumens m-2 PAR = umol m-2 s-1 



Plant Responses Photoperiodism 
• Phytochrome-mediated effect 
• Daylength/night length 

– Control of flowering 

• Red:Far Red Ratio 
– Impacts internode length - stretching 

 



Plant Responses – Other 
Morphogenic Effects 
• Blue light response 

– Stomatal control 
– Plant form 



Intermission:  
Q&A 



Act 3: Lighting Efficiency for 
Existing Facilities 

Efficiency is doing things right; 
effectiveness is doing the right things. 
  - Peter F. Drucker 



Types  of light sources 
Lamp Type Efficicacy 

(Lm/Watt) 
Color Rendering 

Index 
Rated Life (hours) 

Incandescent 12-20 100 750-2000 

Halogen 18-25 100 2000-3000 

Fluorescent, T12 60-71 60-80 12,000-20,000 

Fluorescent, T8 84-94 78-86 15,000-20,000 

Fluorescent, 
compact 50-79 82 10,000-20,000 

White LED 50-100 65-85 25,000-75,000 

Metal Halide, 
standard 82-90 65-75 12,000-20,000 

Metal Halide, pulse 
start 92-106 65-70 15,000-30,000 

High Pressure 
Sodium 95-125 20 24,000 



Lighting suggestions 
• Switch from Incandescent to compact 

fluorescent or LED 
– Simple, low cost measure 
– Need to consider how to keep the light sources 

clean  

• Switch from T12 fluorescent to T8 or T5 
fluorescent  
– Good for office and other interior spaces 
– Efficient and good color rendering 



Lighting suggestions 
• Switch from incandescent or fluorescent to 

Metal Halide  
– Good for free stall barns, greenhouses  
– Need high mounting height 
– Good color rendering 
– Pulse start extends life 

• Switch from Mercury Vapor or Metal Halide 
to High Pressure Sodium  
– Very efficient 
– Low color rendering (yellow light) 



Luminaire  
Efficiency 



maintenance 
• Clean reflectors at least 2x per year 
• Clean reflective surfaces (walls and ceilings) 

monthly 
• Inspect sockets and reflectors 
• Replace lamps before they actually burn out 

– Light output will decrease over time 
– Example:  Incandescent will produce 89% of 

original lumen at 70% of normal life 
– Need to use a light meter to measure output 





Controls 
• Occupancy sensors 
• Bi-level switching 
• Daylighting 



 



Economics of Energy Efficient 
Lighting 
• Energy Savings should offset installation costs 
• Hrs/yr of operation a key consideration 

P(yrs) =  
hpy * (Wold – Wnew) 
              1000 * $/kwh 

$install 

Note: USDA NRCS and RD programs are available to help with installation costs on retrofits 



Final Thoughts 
• Lighting is not the biggest energy draw on the 

farm 
• but improvements are often economical – a 

relatively easy upgrade 
• The building structure and use of the area will 

determine the most suitable type of lighting 
 

Selected content originally prepared by Dr. S. Dihn, Penn State Extension 



Act 4: Lighting Standards 
Barbarism is the absence of standards to 
which appeal can be made. 
 - Jose Ortega y Gasset 
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Act 4: Lighting Standards 
Barbarism is the absence of standards to 
which appeal can be made. 
 - Jose Ortega y Gasset 

That Ultimate Truth is declared as the 
illuminator of all that illuminates ... 
 - Bhagavad-Gita 
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National Energy Technology 
Development Team (‘10-today) 

 Practice Standards 
 Training 
 Tools + Documents 
 Conservation Innovation 

Grants 
Oregon Dept. of Energy (‘89-’10) 
Honeywell (‘84-’89) 
Energy Brokers (’82-’84) 
C.E.M., Assoc. of Energy Engineers 
BSME, Oregon State Univ. (‘78-’83) 

Presenter
Presentation Notes
Pheil = “file”
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Key NRCS Energy Practices: 
 Connect NRCS Practice Standards to ASABE S612 
 Farmstead Energy Improvement (374) 
 Building Envelope System Improvement (672) 
 Lighting System Improvement (670) 

Presenter
Presentation Notes
The first webinar covers links between S612 & NRCS Practice Standards for Energy more fully than this webinar.

It may be a good refresher or to provide additional background.

Link at the end of this presentation.
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 Performing On-Farm Energy Audits 

ANSI/ASABE S612 (Jul 2009) 
 

 Lighting Systems for Agricultural Facilities 

ASAE EP344.4 (Jan 2014) 
 

 Lighting System Improvement 

CPS 670 (Apr 2013) 

Presenter
Presentation Notes
This is mostly the subject of Act 4 today –

How these documents interact.

Note that:

NRCS & ASABE entry to farm energy as a priority issue is relatively recent.

Energy has always been a corollary element of NRCS & ASABE concerns.

A work-in-process.
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 Performing On-Farm Energy Audits 

ANSI/ASABE S612 (Jul 2009) 
 

 Lighting Systems for Agricultural Facilities 

ASAE EP344.4 (Jan 2014) 
 

 Lighting System Improvement 

CPS 670 (Apr 2013) 
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Presenter
Presentation Notes
End of this slide deck includes a variety of “Appendices” items

First is more detail on how to find this website.

Note lack of:

Info Sheet / Practice Overview
(see Net Effects Diagram)

Job Sheet / Implementation Reqt’s
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Presenter
Presentation Notes
Before we dig into the Standard

a quick look at the Net Effects Diagram …

Appendix:

CPPE
SOW
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Presenter
Presentation Notes
Net Effects is the domain of policy wonks.

It reflects the broader environmental interactions that use of this Practice may create;

absolutely significant and rendered in more comprehensible ways elsewhere.
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Presenter
Presentation Notes
Standard (670) after a brief review of basic protocol to develop NRCS Conservation Practice Standards.



Component State Adoption 
Name 

Cannot modify. 
Definition 
Purpose(s) State may remove, if …; 

Can add more (w/ HQ okay). 
Condition where CPS Applies Modify as needed. 
Criteria More stringent, if needed. 

Can relax (w/ HQ okay). 
Consideration(s) 

Modify as needed. 
Plans & Specifications 
Operation & Maintenance 
References 

60 

Presenter
Presentation Notes
These components and rules are common to all NRCS Conservation Practice Standards.

Purpose can be deleted if no relevant resource concern exists in the State and is documented.

States have up to one year to adopt the national CPS. Many adopt more quickly.



Component State Adoption 
Name 

Cannot modify. 
Definition 
Purpose(s) State may remove, if …; 

Can add more (w/ HQ okay). 
Condition where CPS Applies Modify as needed. 
Criteria More stringent, if needed. 

Can relax (w/ HQ okay). 
Consideration(s) 

Modify as needed. 
Plans & Specifications 
Operation & Maintenance 
References 
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Presenter
Presentation Notes
I will highlight these components.

But first, about these State options …
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Presenter
Presentation Notes
Appendix:

Find a State CPS via FOTG (field office technical guide)
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Presenter
Presentation Notes
Back to the Nat’l version.
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… reduce energy use. 

Presenter
Presentation Notes
Though each state or area (Pacific Islands, Caribbean Basin) has the option to remove a purpose, when adopting a Nat’l CPS, the removal must be based on a finding that the underlying resource concern does not exist for the state.
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Generally, for NRCS Conservation Planning, 
 

“reduce energy use” 
 
presumes baseline production levels are held. 

Presenter
Presentation Notes
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Presenter
Presentation Notes
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Key NRCS Energy Practices: 
 Connect NRCS Practice Standards to ASABE S612 
 Farmstead Energy Improvement (374) 
 Building Envelope System Improvement (672) 
 Lighting System Improvement (670) 

Presenter
Presentation Notes
Revisit Mar 20 webinar for more background on the interplay between S612 and the key NRCS Conservation Practices for energy.



69 hq@asabe.org 269-429-0300 

Presenter
Presentation Notes
If you viewed the March 20 webinar you might be confused about how NRCS uses S612.

Uses vary.

+-+-+-+- NOTE +-+-+-+- 

Information is derived from standard ANSI/ASABE S612 JUL2009 and is being used with permission of the American Society of Agricultural and Biological Engineers (www.asabe.org).


mailto:hq@asabe.org


(code) Title Analysis Threshold 
(374) Farmstead Energy * 
 

* aka umbrella energy 
practice standard 

ASABE S612, Type 2 
• Systems & Eqpt based 

on Farm Enterprise 
(Table 1) 

(672) Building Envelope ASABE S612, Type 2 
• Heating 
• Ventilation 
• Air Cooling 

(670) Lighting System ASABE S612, Type 2 
• Lighting 

70 

Presenter
Presentation Notes
These NCPS require an energy analysis derived from S612.

How S612 applies depends on the system which is targeted for an energy upgrade.

Lighting system upgrades, e.g., rarely impact energy required to operate a manure transfer pump, milk cooling system, operate a combine during harvest, and the like.

If an incandescent light is used for freeze protection in a small pump house or as a brood heater, then the “light” is actually a heating system and should be addressed using (374) with a Type 2 analysis based on the relevant farm enterprise as suggested by S612 Table 1.

Other NCPS with an energy purpose do not require a S612-based analysis.





(code) Title Analysis Threshold 
(374) Farmstead Energy * 
 

* aka umbrella energy 
practice standard 

ASABE S612, Type 2 
• Systems & Eqpt based 

on Farm Enterprise 
(Table 1) 

(672) Building Envelope ASABE S612, Type 2 
• Heating 
• Ventilation 
• Air Cooling 

(670) Lighting System ASABE S612, Type 2 
• Lighting 

71 

Presenter
Presentation Notes
AgEMP delivered via Conservation Activity Plan (CAP) 122 and 124.

(See March 20 webinar for more details.)

How do CPS and CAP interact and differ?

Stay tuned …
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Key NRCS Energy Practices: 
 Connect NRCS Practice Standards to ASABE S612 
 Farmstead Energy Improvement (374) 
 Building Envelope System Improvement (672) 
 Lighting System Improvement (670) 

Presenter
Presentation Notes
Tune in for Jul 24 webinar for more on the S612 and NRCS energy analysis provided by the Agricultural Energy Management Plan.



Component State Adoption 
Name 

Cannot modify. 
Definition 
Purpose(s) State may remove, if …; 

Can add more (w/ HQ okay). 
Condition where CPS Applies Modify as needed. 
Criteria More stringent, if needed. 

Can relax (w/ HQ okay). 
Consideration(s) 

Modify as needed. 
Plans & Specifications 
Operation & Maintenance 
References 
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Presenter
Presentation Notes
So we looked quickly at the:

Definition
Purpose
Conditions

Now to Criteria.
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 ASABE S612, Type 2 for Lighting 
 Est. Baseline Use, Lighting (kWh/yr) 

 Est. Energy Benefit (kWh/yr) * 

 CRI > 70, if Inspection area (performance) 

 > 50 lumen/watt (efficiency metric) 

 Use automated controls if warranted 
(occupancy / daylight) 
 

Presenter
Presentation Notes
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 Comply w/ certain ASAE EP344.3 items: 
 Light Quality + Levels * 
 Task Uniformity + Ratios * 

 Dispose per environmental laws & regulations 
 Follow safety protocols (humans & animals) 
 Comply with Codes - electrical / fire 
 & Etc. 

State may adopt more stringent Criteria; 
State may seek less restrictive Criteria. 

Presenter
Presentation Notes
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Presenter
Presentation Notes
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Note (R2014 vs R2005): 
 

s/mh replaced s/Hp 

Presenter
Presentation Notes





 Remember that States’ rule 
 Conservation from the ground up. 

 Lighting (670) Criteria include: 
 Analysis per ASABE S612, Type 2 for Lighting 

 Follow Codes (elec / fire / environmental) 

 > 50 lumen/W (all) & CRI > 70 (some areas) 

 Portions of ASABE EP344.4 

 Automated Controls, where appropriate. 
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Kip Pheil 
 (503) 273-2437 (o) 
 kenneth.pheil@por.usda.gov 
 (503) 310-3037 (m) 

Replay or Live. (Search: “nrcs energy conservation opportunity webinar”) 



The End 
 

Q&A 
 

(appendices follow) 
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Kip Pheil 
 (503) 273-2437 (o) 
 kenneth.pheil@por.usda.gov 
 (503) 310-3037 (m) 

Replay or Live. (Search: “nrcs energy conservation opportunity webinar”) 

Final Questions? 
 
Note to “All Moderators” 
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 Conservation Practice Documents 
 Steps to retrieve (670) 

 CPPE * for (670) 

 Statement of Work for (670) 

 How to find a State adopted CPS, e.g. (670) 

 ASABE S612 extracts 

 Elizabethan Play Structure – Act V 

Presenter
Presentation Notes
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www.nrcs.usda.gov/wps/portal/nrcs/detailfull/national/technical/references/
?cid=nrcs143_026849 

Presenter
Presentation Notes
Where to find National Conservation Practice Standards.
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Presenter
Presentation Notes
CPPE provides an approximate guide to typical results from use of any CPS on the resource concerns.

NRCS Resource Concerns fall in these broad categories:

Soil
Water
Air
Plants
Animals
Energy

Lighting system upgrades, done per CPS, typically have minimal impact on other resource concerns.
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[http://efotg.sc.egov.usda.gov/] 

Select PA, 
Select Applicable County (usu. same result) 
Select Section IV … 

Presenter
Presentation Notes
As home to PSU, I selected Centre County.
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NRCS requires Type 2 Audits; 
 
“… consider all major activities and 
components in Table 1, as applicable.” 

Presenter
Presentation Notes
(As seen in March 20, 2014 Key NRCS Energy Practices webinar.)
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Interpret as: 
 

5.2 – Purchased units (kWh, gallon, therm) 
 
5.3.2 – Show Your Work 
(8th grade algebra, science lab, etc.) 

Presenter
Presentation Notes
Note that few users will readily understand or recognize either the Joule or Btu (British Thermal Unit).

(As seen in March 20, 2014 Key NRCS Energy Practices webinar.)




 Act I – Introduction (Exposition) 

 Act II – Rising Action 

 Act III - Climax 
 Act IV – Falling Action 

may … contain a final moment of suspense,  

… one or more possible outcomes are in doubt 

until the Resolution 

 Act V – Dénouement (Resolution) 

99 

To Be Determined … 

Presenter
Presentation Notes


Joshua Patrick » Books, Literature, and Writing
by GoForTheJuggler

Shakespeare's Five Act Structure: Learn It, Live It, Love It
[http://goforthejuggler.hubpages.com/hub/Shakespeares-5-Act-Structure-Learn-It-Live-It-Love-It; 19may2014]
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